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Abstract Beimu, one of the most commonly used Chinese Materia Medica (CMM), is 
derived from the bulbs of some fritillaries. In recent years, a large number of new species and 
infraspecific taxa of the genus Fritillaria have been described from China, with total number 
of taxa of 80 species, 52 varieties, and 6 forms. The dramatic increase of new taxa of the 
Chinese fritillaries has influenced the investigation, application, quality control and 
commodities circulation of the CMM “Beimu”. We undertook a comprehensive study of the 
morphological, geographical, phytochemical and historical aspects of Chinese medicinal 
fritillaries, as well as their current application. We treated the source plants of “Beimu” from a 
pharmacophylogenetic point of view as the following six groups. (1) Zhebeimu ([] [] [J ) is a 
general name of bulbs mainly derived from the cultivated Fritillaria thunbergii in Zhejiang 
and Jiangsu provinces. It contains D/E trans cevanine group alkaloids, predominantly 
verticine, isoverticine, and verticinone. No D/E cis cevanine group alkaloids were detected. 
(2) Yibeimu ([] [O [] ) consists of E walujewii and F. pallidiflora, which are distributed in 
Xingjiang Uygur Autonomous Region. Unlike Zhebeimu, Yibeimu contains D/E cis cevanine 
group alkaloids, of which imperaline is representative; no D/E trans form of cevanine group 
alkaloids has so far been found. (3) Pingbeimu (O [J ][ ) is obtained from cultivated F. 
ussuriensis in northeastern China. It contains both D/E trans and cis forms of cevanine group 
alkaloids. (4) Chuanbeimu ([] [] [] ) is the most important medicinally used Beimu; it is 
derived mainly from F cirrhosa, F. przewalskii, and F. unibracteata in the Hengduan 
mountains and their adjacent regions. These three species all have smaller bulbs than the other 
species and are the main source of “Qingbei” ([] [] ), a kind of Beimu of the highest quality. 
Fritillaria cirrhosa, distributed in Xizang, Yunnan, Sichuan, and Qinghai, shows many 
morphological variations, and towards its northwestern limit is replaced by a very closely 
related species, F taipaiensis. In addition, the bulbs of F delavayi, called Lubei ([] [] ), are 
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also in the group of Chuanbeimu. All kinds of Chuanbeimu contain both D/E trans and D/E 
cis cevanine group alkaloids. (5) Hubei Beimu ([] [] [] [] ) is obtained mainly from bulbs of 
cultivated F hupehensis, which is very closely related to F. monantha. It contains both D/E 
trans and cis forms of cevanine group alkaloids; verticine and isoverticine are representative 
of the D/E trans form, and hupehenine, hupeheninoside, hupehenrine, and hupehenizine are 
representative of the D/E cis form. (6) Anhui Beimu ([] [] [] [J ) is derived from F anhuiensis 
and contains only D/E trans cevanine group alkaloids. The six groups of fritillaries have six 
“Dao-di” (genuine) localities of origin. This is in accordance with current application and 
marketing. All except Anhui Beimu are recorded in the latest edition of Pharmacopoeia of the 
People's Republic of China (2005 ed., Vol. 1). As a result of this study, we advocate that the 
publication and naming of new taxa of the most important economic plants should be more 
prudent. 

Key words  Fritillaria, botanical origin, pharmacophylogenetic study, Chinese materia 
medica Beimu. 
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Fig. 1. Types of steroidal alkaloids in Fritillaria. 
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Fig. 2. D/E configuration of cevanine group steroidal alkaloids. 
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O10 ה‎ u 
Table1 Distribution of steroidal alkaloids in Fritillaria 
1) ü 2) ü 
Taxon” Steroidal alkaloids Type” Reference 
OOOO Zhebeimu 
1000" vrticine AI Zhang et al. (19912) 

F. thunbergii Miq." verticine N-oxide AI Kitajima et al. (1981) 
verticinoside AI Morimato & Kimata (1960) 
verticinone AI Zhang et al. (199 1a) 
verticinone N-oxide AI Kitajima et al. (1981) 
isoverticine AI Kaneko et al. (1979) 
baimonidine AI Kaneko et al. (1979) 
isobaimonidine AI Kaneko et al. (1979) 
ebeidinone AI Li et al. (2001) 
fritillarizine AI Kaneko et al.(1980) 
6B-epi-petilinine AI Kaneko (1980) 
zhebeinine Al Zhang et al. (199 1a) 
zhebeininoside Al Zhang et al. (1993a) 
zhebeirine Al Zhang et al. (199 1b) 
zhebeinone Al Zhang et al. (1992) 
peimisine B Li et al. (2001) 
sonalinine E Yan et al. (1994) 

2000 verticine Al Zhang et al. (1993b) 

F. thunbergii var. chekiangensis Hsiao & K. C. Hsia  Verticinone Al Zhang et al. (1993b) 
isoverticine AI Zhang et al. (1993b) 
verticinedinone AI Zhang et al. (1993b) 
ebeidinone AI Li et al. (2001) 
dongbeinine AI Zhang et al. (1993c) 
dongbeirine Al Zhang et al. (1993c) 

Chuanbeimu '‏ ה ה ה 
E = OT.‏ ל verticine AI‏ * 300 
verticinone Al 1 et al.‏ * : 

ls isoverticine AI Li et al. (2001) 
ebeiedine AI Li et al. (2000) 
ebeidinone AI Li et al. (2000) 
ebeienine AIII Li et al. (2000) 
imperialine AII Kaneko et al. (1986) 
peimisine B Li et al. (2001) 

40 * verticine AI Li et - )19998( 

F. unibracteata Hsiao & K. C. Hsia’ . 3 fe B 2 s ה‎ 
imperialine All Liet al. (1999a) 
songbeinine All Yu & Xiao (1990b) 
songbeinone All Yuet al. (1992) 
songbeisine B Yu & Xiao (1990c) 

verticine AI Li et al. (1999a)‏ יםםםם: 

F. delavayi Faust verticinone AI Li et al. (1999a) 

. : ebeidinone AI Liet al. (1999a) 
delafrinone Al Kaneko et al. (1988) 
delafrine AI Kaneko et al. (1988) 
imperialine AII Kaneko et al. (1985) 
delavine AII Kaneko et al. (1985) 
delavinone AII Kaneko et al. (1985) 
chuanbeinone AII Kaneko et al. (1986) 
peimisine B Yu et al. (2005) 
glyco moiety solanidanine E Kaneko et al. (1988) 
peimisine B Yuet al. (2005) 
verticine AI Li et al. (1999a) 


6 [] 


F. przewalskii Maxim. ex Batal.“ 
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O0 1(] ) Table 1 (continued) 
D > D 
Taxon" Steroidal alkaloids Type? Reference 
710000 verticinone AI Li et al. (1999a) 

F. cirrhosa D. Don var. viridiflava S. C. Chen ebeiedine AI Li et al. (1999a) 
ebeidinone AI Li et al. (1999a) 
imperialine B Li et al. (1999a) 

sO verticinone Al Feng et al. (1994) 

F. taipaiensis P. Y. Li isoverticine AI Feng et al. (1994) 
imperialine AII Feng et al. (1994) 
chuanbeinone AII Feng et al. (1994) 
peimisine B Feng et al. (1994) 

on verticinone AI Hu et al. (1993) 
F. taipaiensis var. ningxiaensis Y. K. Yang & J. !$0Verticine AI Hu et al. (1993) 
K. Wu imperialine AII Hu et al. (1993) 
chuanbeinone AII Hu et al. (1993) 
taipainine AII Hu et al. (1993) 
peimisine B Hu et al. (1993) 
OOO QO00)0 Hubei Beimu 
1000 ש‎ verticine AI Wu (1982) 
F. hupehensis Hsiao & K. C. Hsia’ isoverticine Al Liet al. (2001) 
verticinone AI Wu (1982) 
hupehenine All Wu (1982) 
hupeheninoside All Wu & Wang (1989) 
hupehenizine All Wu & Wang (1989) 
hupehenirine All Wu & Wang (1989) 
ebeiedine Al Liet al. (2001) 
ebeidinone AI Li et al. (2001) 
hupehemonoside AII Wu et al. (19912) 
peimisine B Li et al. (2001) 
hupehenisine B Wu et al. (1986) 
ebeisine B Wu et al. (19912) 
hupehenidine A* Wu & Pu (1989) 
hupehenine AI Wu et al. (1993) 
ugg hupeheninoside Al Wuet al. (1993) 
F. egregia Y. K. Yang, J. Z. Wu & D. T. hupehenizine Al Wu et al. (1993) 
hupehenirine AI Wu et al. (1993) 
200 verticine AI Em 7 Fan dn 
; verticinone Al Zhang & Fan (1994) 
ה‎ hupehenine AI Zhang & Fan (1994) 
peimisine B Zhang & Fan (1994) 
ה 7 ה ה ₪ ם םח ה‎ Anhui Beimu 
1300 verticinone AI Li & Wu (1986) 
F. anhuiensis S. C. Chen & S. F. Yin isoverticine AI Li & Wu (1986) 
ebeiedine AI Li et al. (19992) 
ebeidinone AI Li et al. (19992) 
wanpeinine AI Li & Wu (1986) 
peimisine B Li & Wu (1986) 
400 verticine Al Yu & Xiao (1992a) 
F. ebeiensis G. D. Yu & G. Q. Ji verticinone AI Yu & Xiao (19922) 
ebeiedine AI Li et al. (1994) 
ebeidinone AI Li et al. (1994) 
ebeisine B Wu et al. (1991b) 
15D D D verticine AI Wu et al. (1989) 
F. ebeiensis var. purpurea G. D. Yu & P. Li verticinone Al Wu et al. (1989) 
isoverticine AI Lee et al. (1988) 
ebeiedine AI Lee et al. (1988) 
ebeidinone AI Lee et al. (1988) 
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[] 1(] ) Table 1 (continued) 
D 2) T 
Taxon” Steroidal alkaloids Type?” Reference 
ziebeimine AM Wu et al. (1989) 
ebeienine AIII Li et al. (1992) 
peimisine B Li et al. (2001) 
ebeietinone D Li et al. (1992) 
16 DD verticine Al Zhou et al. (1990) 

F. wuyangensis Z. Y. Gao verticinone Al Zhou et al. (1990) 
eduardine AI Zhou et al. (1990) 
eduardinine AI Zhou et al. (1990) 
isoshinomenine AI Zhou et al. (1990) 
shinonomenine AI Zhou et al. (1990) 

OOOO Pingbeimu 
7000" verticine AI Xu et al. (1982) 

F. ussuriensis Maxim." verticinone AI Li et al. (1999a) 
pingpeimine AI Xu et al. (1982) 
pingpeimine C AI Xu et al. (1990a) 
pingpeininoside AI Xu et al. (1983a) 
heilonine AIII Kitamura et al. (19892) 
imperialine AII Xu et al. (1982) 
imperialine-B-D- All Xu et al. (1983b) 

glucoside 
pingpeimine B All Xu et al. (1988) 
ussurienine AIT Kitamura et al. (1989b) 
ussuricnone At Kitamura et al. (1989b) 
ussuriedine At Kitamura et al. (1989b) 
ussuriedinone A* Kitamura et al. (1989b) 
peimisine B Wang et al. (1991) 
pingbeinone F Kitamura et al. (19892) 
pingbeidinoside D Xu et al. (1989) 
pingbeinine D Xu et al. (1990c) 
pingbeininoside D Xu et al. (1990c) 
0000000)>)0 Yibeimu 
1800 ü imperialine All Xu et al. (1990b) 
F. pallidiflora Schrenk imperialine-N-oxide AII Xu et al. (1990b) 
imperialine-B-D- All Xu et al. (1990b) 
glucoside 
yibeinoside A All Xu et al. (1990d) 
yibeinoside B AH Xu et al. (1993) 
peimisine B Yu & Xiao (1992a) 
yibeisine B Xu et al. (1992) 
clyclopamine B Xu et al. (1990d) 
cycloposine B Xu et al. (1990d) 
yibeinoside C D Xu et al. (1994) 
19 00 d imperialine זה‎ Liu et al. (1984) 
F. walujewii Regel sinpeinine AH Liu et al. (1984) 
20 00 peimisine B Li et al. (2001) 
F. tortifolia X. Z. Duan & X. J. Zheng tortifoline AII Kitamura et al. (1989c) 
21 ü imperialine AII Zhang et al. (1993d) 

F. yuminensis X. Z. Duan delavinone All Zhang et al. (1993d) 
yubeinine AII Zhang et al. (1993d) 
yubeiside AII Zhang et al. (1993d) 

22000 verticinone Al Min et al. (1986) 
F. karelinii (Fisch. ex D. Don) Bak. harepermine All Min et al. (1986) 
hareperminoside All Min et al. (1986) 
00000 Other groups of Beimu 
23 | l puqiedinone AI Lin et al. (1995) 
F. pugiensis G. D. Yu & G. Y. Chen pugienine A C Jiang et al. (2005) 
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O0 1((] ) Table 1 (continued) 
D 








































































































































































































































































































0 0 i ו‎ 
Taxon" Steroidal alkaloids Type? Reference 
pugienine B 0 Jiang et al. (2005) 
pugietinone D Li et al. (1990) 
pugietinonoside D Jiang et al. (2005) 
N-demethylpugietinone D Jiang et al. (2005) 
24 0 verticine AI Li et al. (1988) 
F. ningguoensis S. C. Chen & S. F. Yin verticinone AI Li et al. (1988) 
isoverticine AI Li et al. (1988) 
peimisine B Li et al. (1988) 
ningpeisine 0 Li et al. (1988) 
ningpeisinoside C Li et al. (1991) 
25 D D kuroyurinidine B Qian & Toshihiro (1995) 
F. maximowiczii Freyn isokuroyurinidine B Qian & Toshihiro (1995) 
26 00 isoverticine AI Wang et al. (1996) 
F. wabuensis S. Y. Tang & S. C. Yueh imperialine All Wang et al. (1996) 
isoverticine -N-oxide Al Chen et al. (2004) 
peimisine B Wang et al. (1996) 
27000 peimisine B Chao & Hu (1993) 
F. dajinensis S. C. Chen 
28 00 siechunsine All Wang et al. (1992) 
F. sichuanica S. C. Chen 
2900 peimisine B Chao & Hu (1993) 
F. mellea S. Y. Tang & S. C. Yueh 
1)* ח‎ OO (20050 ) 00200 ü : A. [ll (AL D/E[] [D ; AIL D/E[] [] ; AIM, 
AURA א ם‎ 6 [];D Il: E 





























































































































1)*, the species recorded in the 2005 edition of China Pharmacopoeia. 2) types of steroidal alkaloids: A, cevanine group 
(AL D/E trans; AII, D/E cis; AIN, A13(17); A#, rare); B, jervine group; C, veratramine group; D, solanidine group; E, 
secosolanidine group; F. others. 
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D 2 00000 (ug/g) 
Table 2 Contents of some main steroidal alkaloids in Fritillaria (ug/g) 
Og I II III IV V VI VII VIII IX UD 
Fritillaria species Method 
0 O F. thunbergii 2075.2 3293 2075.2 nd nd 87.3 nd nd 191.7 HPLC-ELSD 
D D D D F. thunbergii var. 253.6 314.5 - nd tr - nd - Pre-GC 
chekiangensis \ 
[] IH F. cirrhosa 139.1 76.7 121.3 nd 467 432' 828 90.6 105.3 HPLC-ELSD 
nnn n F. cirrhosa var. 398.0 1976 | - 640 1574 - 102.1 — Pre-GC 
7 viridiflava 
D D D D F. unibracteata 252.0 149.1 _ nd 306.2 - 127.9 - Pre-GC 
D D D D F. delavayi 87.8 108.9 - nd 1271 - tr - Pre-GC 
D D Ü D F. hupehensis 105.2 195.8 18662 tr tr tr nd nd 601.7 HPLC-ELSD 
ם‎ U D D F. ebeiensis 1650.8 1363.2 - 235.9 224.2 - nd - Pre-GC 
000000 F. ebeiensis var. 6299 11192 23850 nd 1102 117.1" 1050 nd 716.7 HPLC-ELSD 
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